Key indicators: single-crystal X-ray study; T = 90 K; mean (C-C) = 0.002 Å; R factor = 0.049; wR factor = 0.128; data-to-parameter ratio = 17.3. Refinement R[F 2 > 2(F 2 )] = 0.048 wR(F 2 ) = 0.128 S = 1.04 4385 reflections 253 parameters H-atom parameters constrained Á max = 0.22 e Å À3 Á min = À0.21 e Å À3
The title compound, C 24 H 21 N 3 O, was prepared by the reaction of (Z)-2-(1H-indol-3-ylmethylene)-1-azabicyclo[2.2.2]octan-3one with -bromo-p-toluonitrile, under phase-transfer catalytic (PTC) conditions using triethylbenzylammonium chloride and 50% w/v aqueous NaOH solution in dichloromethane. The crystal structure indicates the presence of a double bond with Z geometry connecting the azabicyclic and indole groups.
Related literature
For related structures, see: Mason et al. (2003) ; Zarza et al. (1988) . For related bond angles, see: Wilson (1992) . For related literature, see: Sekhar et al. (2003) ; Sonar et al. (2007) . whereas the C2=C3-C10, C3-C10=C11 and C10=C11-C17 bond angles are more distorted due to the strain induced by the C10=C11-C18=O1 conjugated double bond linkage. These bond angle deformations, which require little energy, are needed to relieve the strain of intramolecular interactions between non-bonded atoms. The azabicyclic system presents very small distortions around atoms N2, C13, C14, C15, C16 and C17. The value of the C2-C3-C10-C11 torsion angle [-5.1 (3)°] indicates the deviation of the indole ring from the plane of the double bond connected to the azabicyclic ring.
The C3-C10 bond length, when compared with the standard value for a single bond connecting a C ar atom to a Csp 2 atom (1.470 (15) Å; Wilson, 1992), suggests extensive conjugation, beginning at atom O1 and extending through to the indole ring. The bond angles in the azabicyclic system at C13, C14 and C15 are, on average, smaller than the standard tetrahedral value of 109.5°, while the bond angles at C12 and C16 are, on average, slightly larger than the ideal tetrahedral bond angle.
There are no significant intermolecular hydrogen-bonding interactions in the packing of this compound. The packing is essentially stabilized via van der Waals forces.
Experimental
To a stirred solution of diisopropylamine (1.923 g, 19 mmol) in THF (20 ml) at 273 K under nitrogen was added a solution of 2.0 M n-butyllithium (9 ml, 18.8 mmol) and the mixture stirred at 273 K for 30 min. To this solution at 273 K, was added 1-aza-bicyclo[2.2.2]octan-3-one hydrochloride (1.5 g, 9.28 mmol) in one portion and stirring continued until the mixture completely dissolved (20 min). The temperature was lowered to 195 K and a solution of 1-acetyl-1H-indole-3-carboxaldehyde (1.722 g, 9.2 mmol) in THF (25 ml) was added dropwise. Stirring was continued for 30 min at this temperature and then for 90 min at 0°C. The reaction mixture was poured into saturated NaHCO 3 at 273 K and the resulting solution was extracted with CHCl 3 (3 x 15 ml). The combined organic extracts were dried over anhydrous Na 2 SO 4 and evaporated to afford (Z)-2-(1-acetyl-1H-indol-3-ylmethylene)-1-azabicyclo[2.2.2]octan-3-one, which was subsequently refluxed with sodium hydroxide solution (25 ml, 1 N) for 30 min. The reaction mixture was cooled to room temperature, and the yellow solid that separated was collected by filtration, washed with cold water and dried to afford the (Z)-2-(1H-indol-3-ylmethylene)
To a stirred mixture of (Z)-2-(1H-indol-3-ylmethylene) -1-azabicyclo[2.2.2]octan-3-one (1.0 g, 3.96 mmol), 50% w/v aqueous NaOH solution (1.52 g, 19 mmol) and benzyltriethylammonium chloride (0.172 g, 0.75 mmol) in dichloromethane supplementary materials sup-2 (DCM, 25 ml) at room temperature was added α-bromo-p-tolunitrile (0.78 g, 4.0 mmol) in one portion, then the reaction mixture was stirred vigorously for 1 hr until no (Z)-2-(1H-indol-3-ylmethylene)-1-azabicyclo[2.2.2] octan-3-one was detected by TLC. The organic layer was separated, washed exhaustively with water, dried with Na 2 SO 4 and evaporated to afford the crude product. Crystallization from methanol gave a yellow crystalline product of compound (I) that was suitable for X-ray analysis. 1 41.1, 48.2, 50.8, 110.4, 111.5, 112.3, 118.0, 118.9, 119.9, 121.8, 123.5, 127.6, 129.3, 133.2, 134.2, 136.3, 141.7, 142.5, 205.7 .
Refinement H atoms were found in difference Fourier maps and subsequently placed in idealized positions with constrained C-H distances of 0.99 Å (R 2 CH 2 ), 0.99 Å (R 3 CH) and 0.95 Å (C Ar H) with U iso (H) values set to 1.2U eq of the attached C atom. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) 0.0201 (7) 0.0072 (6) 0.0063 (5) 0.0052 (6) N2 0.0228 (7) 0.0244 (7) 0.0227 (7) 0.0105 (6) 0.0066 (6) 0.0063 (6) N3 0.0275 (8) 0.0302 (8) 0.0286 (8) 0.0114 (6) 0.0075 (7) 0.0067 (6) O1 0.0327 (7) 0.0271 (6) 0.0347 (7) 0.0098 (5) 0.0162 (6) 0.0113 (5) C2 0.0227 (8) 0.0239 (8) 0.0208 (8) 0.0099 (7) 0.0046 (7) 0.0026 (7) C3 0.0214 (8) 0.0241 (8) 0.0208 (8) 0.0111 (7) 0.0055 (7) 0.0052 (7) C4 0.0190 (8) 0.0230 (8) 0.0211 (8) 0.0108 (7) 0.0043 (6) 0.0068 (7) C5 0.0222 (8) 0.0252 (9) 0.0251 (9) 0.0091 (7) 0.0081 (7) 0.0079 (7) C6 0.0281 (9) 0.0324 (9) 0.0242 (9) 0.0123 (8) 0.0119 (7) 0.0069 (7) C7 0.0298 (9) 0.0288 (9) 0.0255 (9) 0.0116 (8) 0.0106 (8) 0.0022 (7) C8 0.0231 (8) 0.0230 (8) 0.0249 (9) 0.0081 (7) 0.0060 (7) 0.0046 (7) C9 0.0199 (8) 0.0248 (8) 0.0199 (8) 0.0108 (7) 0.0051 (6) 0.0059 (7) C10 0.0245 (8) 0.0229 (8) 0.0250 (9) 0.0117 (7) 0.0092 (7) 0.0091 (7) C11 0.0214 (8) 0.0207 (8) 0.0243 (9) 0.0094 (7) 0.0075 (7) 0.0075 (7) C12 0.0262 (9) 0.0262 (9) 0.0245 (9) 0.0114 (7) 0.0067 (7) 0.0082 (7) C13 0.0244 (9) 0.0304 (9) 0.0287 (9) 0.0106 (7) 0.0041 (7) 0.0092 (7) C14 0.0210 (8) 0.0187 (8) 0.0273 (9) 0.0043 (7) 0.0036 (7) 0.0044 (7) C15 0.0324 (9) 0.0269 (9) 0.0300 (10) 0.0148 (8) 0.0100 (8) 0.0060 (7) C16 0.0260 (9) 0.0296 (9) 0.0286 (9) 0.0139 (7) 0.0101 (7) 0.0074 (7) C17 0.0229 (8) 0.0238 (8) 0.0300 (9) 0.0129 (7) 0.0090 (7) 0.0105 (7) C18 0.0207 (8) 0.0240 (8) 0.0230 (8) 0.0081 (7) 0.0078 (7) 0.0082 (7) C19 0.0215 (8) 0.0232 (8) 0.0210 (8) 0.0083 (7) 0.0104 (7) 0.0068 (7) C20 0.0243 (8) 0.0239 (9) 0.0293 (9) 0.0108 (7) 0.0077 (7) 0.0101 (7) C21 0.0243 (9) 0.0198 (8) 0.0318 (10) 0.0060 (7) 0.0068 (7) 0.0040 (7) C22 0.0208 (8) 0.0272 (9) 0.0222 (8) 0.0104 (7) 0.0084 (7) 0.0068 (7) C23 0.0247 (9) 0.0252 (9) 0.0285 (9) 0.0128 (7) 0.0091 (7) 0.0105 (7) C24 0.0242 (8) 0.0223 (8) 0.0256 (9) 0.0084 (7) 0.0081 (7) 0.0049 (7) C25 0.0251 (9) 0.0241 (9) 0.0270 (9) 0.0109 (7) 0.0115 (8) 0.0090 (7) Geometric parameters (Å, °) (2) C18-H18B 0.9900 C5-H5 0.9500 C19-C24 1.387 (2) C6-C7 1.401 (2) C19-C20 1.392 (2) C6-H6 0.9500 C20-C21 1.384 (2) C7-C8 1.379 (2) C20-H20 0.9500 C7-H7 0.9500 C21-C22 1.395 (2) C8-C9 1.391 (2) C21-H21 0.9500 C8-H8 0.9500 C22-C23 1.392 (2) C10-C11 1.342 (2) C22-C25 1.442 (2) C10-H10 0.9500 C23-C24 1.384 (2) C11-C17 1.482 (2) C23-H23 0.9500 C12-C13 1.549 (2) C24-H24 0.9500 C12-H12A 0.9900 Fig. 1 supplementary materials sup-9 Fig. 2 
